In this work, experiments were conducted on rectangular prismatic samples with dimensions of 60 × 60 × 360 mm 3 , which were cut from the rock blocks with no joint or anisotropy. Rock samples were obtained from different quarries in Turkey, known by the rock type as Afyon Çay marble, Burdur red limestone, Afyon gray, Lymra limestone, Muğla dolomite, Denizli travertine, and Isparta andesite. Experimental results indicated an increase in seismic wave attenuation as the number of artificial joints increased. However, seismic wave attenuation rate was found to be higher on the samples with parallel joint pattern than the samples which consisted of various directional joint pattern. This feature has explained the importance of seismic velocity anisotropy in rocks. The relationship between the number of joints in seven different rock samples and ultrasonic P -wave velocity was examined statistically and the results were evaluated together with similar studies in the literature.
Introduction
Seismic methods are often used to identify and characterize the dynamic properties of the rocks via wave propagation in both field and the laboratory. Since this technique is non-detrimental and can easily be applied it is frequently employed in earthquake, geotechnical, and geophysical engineering.
In these studies [1, 2] , it is stated that there is a close relationship between rock properties and seismic velocity. There are many factors affecting the seismic velocity of rocks such as rock type, density, particle size, shape, porosity, anisotropy, water content, pressure, and temperature. In addition, rock alteration, presence of bedding planes and joint properties also are important factors on seismic velocity.
Several experimental studies [3] [4] [5] [6] [7] [8] [9] indicate the importance of crack presence in rocks. Hence, numerical studies were conducted to emphasize the importance of the seismic velocity anisotropy for an isotropic matrix containing circular cracks in the rocks [10] . The elastic modulus of cracked rocks were calculated by the geometry of the crack tensor which reveal the cracks in the rock clusters [11] .
Experimental studies have shown how the seismic velocity changed depending on the anisotropy and stresses in the cracks of rocks [12] [13] [14] [15] [16] . By examining the relationships between the number of artificial joints and seismic velocities for different rock types, the decrease in seismic velocities with increasing number of joints was monitored [17, 18] . The evaluation of joints (frequency, trace * corresponding author; e-mail: zuheyrkamaci@sdu.edu.tr length and orientation of joint sets) bears great importance in rock mechanics since shape of the block, their volume in the rock masses and their mechanical strength (compression and shear strength, deformation modulus, etc.) are all affected by joint density in rock masses [18] . In these researches, the samples contained only parallel artificial joints rather than the variable directional joints.
However, the work [19] is the only example in which both parallel and variable oriented joints on a single marble have been considered to examine the changes in Pwave propagation.
Researchers [20] have shown that P -waves as a nondetrimental technique can provide accurate information about the presence of discontinuities such as joints and cracks in rock, its homogeneity, alteration degree, and porosity. Similarly, in works [21] [22] [23] [24] [25] researchers have frequently utilized the ultrasonic pulse velocity (UPV) to determine the rock quality, to evaluate their physicomechanical properties when the rock has microscopic fissures and karstic pores such as in limestones. Since ultrasonic techniques are non-destructive and easy to apply, both for site and laboratory conditions, they are increasingly being used in geotechnical applications [26] . There are number of factors that influence the sound velocity of rocks. Main factors influence the P -wave velocity: density, rock type, shape and grain size, porosity, anisotropy, porewater, confining pressure, temperature, rock mass properties. In addition to these factors, weathering, alteration zone, bedding planes, and joint properties (filling materials, roughness, water, dip and strike, etc.) also influence the sound velocity. In such works, sedimentary, igneous, and metamorphic rocks samples are used. But, metamorphic rocks are not preferred because of their anisotropic characteristic [26] .
In this study, the aim has been to determine the influence of artificially created joints in parallel and variable directions, on seven different rock types of different sedimentary, metamorphic and igneous (volcanic) origins, as of dolomite, limestone, Burdur Red, travertine, Afyon Çay, Afyon Gray, and andesite by UPV. This study is performed based on the techniques and methods used in the study given in [19] .
Laboratory studies
Two prismatic rock samples with dimensions of 60 × 60 × 360 mm 3 were prepared from each of seven different rock types quarried from different locations in Turkey (Table I -at the end). Each of rock samples were cut to form artificial rock joints in both parallel and variable directions (Fig. 1) . Joint walls were machined to ensure the smoothness and full contact between the joint walls. Initial UPV values were measured on each prismatic rock sample using Pundit pulse generator with 54 kHz frequency (Fig. 2) . The test results of the measurements are given in Tables I (at the end) and II separately for all rocks. Variations in UPV attenuations (%) with number of joints for both parallel and variable direction joints are plotted and displayed in Figs. 3-6. Inverse linear relations between the number of joints and the P -wave velocities were obtained for the parameter ranges of the experimental work. The P -wave velocity decreases with an increase in the number of joints. The slopes of the regression lines were explained as the sound velocity index (SVI). High strength rocks exhibit higher SVI than the low strength rocks. Further research is necessary to investigate how the derived equations and the SVI vary with a larger number of joints, varying rock type and varying water content [23] . The physical properties of the specimens such as dry unit weight, saturated unit weight, water absorption and effective porosity were determined in accordance with [27] . This is standard where the analyses were done at room temperature under dry conditions. The effective porosity of rock specimens was determined using saturation and buoyancy techniques. The rock samples were immersed in water and saturated for 48 h with a constant speed agitation in order to remove the air trapped inside. Then, the samples were transferred underwater to a basket in an immersion bath and their saturated-submerged weights were measured with a scale having 0.01 g accuracy. Later, the surface of the specimens was dried with a moist cloth and their saturated-surface-dry weights were measured outside water. Bulk sample volumes were found from weight differences between saturated-surface-dry weight and saturated-submerged weight. The dry mass of specimens was determined after oven drying at a temperature of 105
• C for a period of at least 24 h. The effective pore volumes were determined from weight difference between saturated-surface-dry weight and dry sample weight.
Results and discussion
For all the rock samples tested, the variations in UPV with respect to the number of parallel and variably oriented artificial joints (J N ) were statistically analysed by the least square regression method and the results were displayed in Figs. 7 and 8 for the best fits and related coefficients (R 2 ). In this study, the results obtained from 7-different rock samples were plotted on the same graph in order to simplify the evaluations of the results (Figs. 3-6) . An inverse relationship was observed between the UPV and J N values for all the rock samples with parallel and variably oriented artificial joints as shown in Figs. 3-6 . The reduction in UPV values was found to be around 30% higher, especially in andesite, Lymra, and travertine samples with oriented artificial joints when compared to those obtained from parallel artificial joints.
When Figs. 4 and 6 were assessed together, in travertine and andesite samples with parallel 5th and 6th artificial joints, reduction rate in UPV (%) (or in seismic velocity attenuation) was found to be 60% while it was about 40% in the third variably oriented artificial joints, 50% in the 4th oriented joint, 55% in the 5th oriented joint, and 60% in the 6th oriented joint. Accordingly, seismic velocity attenuations of approximately 30% were determined in andesite and travertine for both parallel and oriented artificial joints. In addition, in Lymra, a seismic velocity attenuations of approximately 10% was detected depending on the number of parallel joints (Fig. 6) owing to that the porosity of Lymra is very close to that of andesite and travertine (Table II) . This indicates that seismic waves in Lymra is influenced from anisotropy when compared to the seismic waves in travertine and andesite. It is clear that seismic velocity attenuation is much higher than the other four rocks because of the high porosity of the andesite, lymra, and travertine. The results obtained from Kahraman [17] and Altındağ and Güney [18] have unveiled that the UPV (m/s) decreases as the number of joints increases, however, the authors have not analyzed the influence of joint orientation. When the relationships graphics between UPV and J N and the statement SVI as given in [17] were considered for all the samples and joint configurations tested in this work, the types of marbles may be listed in range of high to low inclination as follows: Afyon çay, Burdur Red, Afyon gray, Lymra, dolomite, travertine and andesite. Namely, the samples of Afyon Çay, Burdur red, and Afyon gray appear to have higher inclination and consequently have higher SVI values than other rock samples (Figs. 7 and 8 ). It can be concluded that as the inclination increases the rock will be characterized as sounder. Kurtuluş et al. [19] conclude that the UPV values decrease as the density of parallel and oriented joints increases. However, their work does not contain the physical properties of 7-different rock types and does not interpret the results together as conducted in this work.
Conclusions
It is known that discontinuity planes have an important influence on the sound velocity. The researchers have reported the following results based on the works on prismatic blocks with parallel joints using p-wave velocity tests:
-In this work, the relations between J N and UPV values of the rocks are shown on a single chart and the SVI values are determined from the inclinations. It can be seen that the SVI values become higher as the inclination of relation lines become higher. Hence, the rocks with high SVI values will have high seismic velocities and are classified as solid rocks.
-The results obtained in this study indicate that the UPV values of rocks will be attenuated as the number of joints increases. Especially, attenuation rate will be even higher and apparent for porous rock with oriented joints.
-As it is well known, the degree of jointing, which is one of the most important parameters influencing seismic velocities in rock mass must be considered by researchers and engineers when designing structures rock masses. The results of the present experiments confirm that the P -wave velocity decreases with an increase in the density of joints in rocks, agreeing with the results obtained by [23] . Furthermore, there is a good linear correlation between the number of joints and the reduction rates in V p (%) indicating that the P -waves are attenuated rapidly as the number of joints increases.
In general, the rock samples have a very homogeneous structure when their ultrasonic velocities and SVI slope values are examined, showing that the discontinuities such as micro cracks and pores are very small. However, when the SVI inclination values of the travertine, andesite and Lymra rock samples are examined, it shows that micro cracks and pores are more intense. It is observed that SVI values are even lower in variable direction tests. This clearly shows how much the seismic P -waves in variable directions of rocks are affected by attenuation, and thus by anisotropy. Moreover, mineralogical composition and crystal structure of these rocks may also affect the seismic velocity. However, this effect may be different in each rock. 1  6093  99  1  5933  96  2  6029  98  2  5747  93  3  5924  96  3  5653  92  4  5892  95  4  5591  91  5  5716  93  5  5343  87  6  5634  91  6  5256  85 
